Abstract Rubella Virus (RUBV) is a common cause of childhood rash and fever in non-immunized populations, and its public health importance relates to teratogenic effects of primary rubella infection in women with early pregnancy. Infection of the fetus may lead to congenital rubella syndrome (CRS). This work aimed to assess the degree of risk associated in acquiring rubella virus infection by the women during pregnancy and developing CRS among their children in Bangladesh. The study population (n = 275) included pregnant mothers (15-38 years) from various socioeconomic backgrounds attending a women health care based hospital. All subjects were personally interviewed, clinically examined and a standardized questionnaire was filled up for each of them. From each participant 3 ml blood was taken and serum was separated. Commercially available ELISA kit was used for the qualitative and quantitative determination of IgM and IgG class antibodies against RUBV in collected serum samples. 209 women were found to contain detectable level of anti-RUBV IgG antibodies, but did not possess IgM antibodies against rubella. Only 9% participants were vaccinated previously against rubella virus among the whole antenatal population studied. Ninety-two percent of these vaccinated pregnant women contained serum anti-rubella IgG antibody which was significantly (P = 0.05) higher than that of the nonvaccinated study population (75%). Pregnant women from lower middle and poor socioeconomic class had significantly (P = 0.05) more intra uterine growth retardation (IUGR) of fetus than the upper middle class. 20% of the women of child bearing age examined in this work were not yet exposed to RUBV and at risk of acquiring this virus during pregnancy and subsequently transmitting the virus to the fetus. Our work demonstrates rubella attack rate among antenatal population in Bangladesh as 14.5 in 1000 during pregnancy. A proper and reliable vaccination policy against rubella virus is not yet adopted at the national level in many developing countries including Bangladesh. This work identifies the requirement of detailed study for the identification of intrauterine rubella infection and its related influence on perinatal morbidity and mortality. Thorough epidemiological studies are also considered necessary prior to the development and acceptance of national immunization program against rubella virus in Bangladesh.
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Introduction
Rubella virus infection appears to be endemic throughout most of the world. Postnatal rubella and congenital rubella present different scenario in context of mode of transmission, clinical manifestation, severity of illness, immunity developed, and recovery pattern. Postnatal rubella could be acquired through the mucosa of the upper respiratory tract among neonates, children and adults. This infection usually results in a mild disease that can rarely produce significant sequelae. However, primary RUBV infection during early stage of pregnancy may result in the transmission of virus through the placenta and infection of the fetus. This may in turn lead to congenital rubella syndrome (CRS), the most common manifestations of which are blindness, mental retardation, and deafness [1] . Congenital rubella infection can also result in miscarriages, stillbirths, fetal anomalies and therapeutic abortions [2] .
Diagnosis of rubella virus infection is essential to assess the state of exposure of a woman in the first trimester of pregnancy, is necessary for confirmation of potential cases of congenital rubella syndrome (CRS) in newborns and young children, and is important as the surveillance component of rubella vaccination programs [3] .
Classically, serological diagnosis of primary rubella virus infection has relied on the detection of rubella virusspecific IgM or the demonstration of a four-fold increase in the IgG titer to rubella virus antigens in serum samples that have been taken sequentially and then assayed in pairs. Detection of antiRUBV IgG is verification of immunity, as there is only one serotype of rubella virus [4] .
An estimated 20,000 cases of CRS occurred in the US in 1964-1965 during rubella epidemic before the vaccine available [2] . A reduction of cases of CRS was noted in Western Australia and Taiwan after proper introduction of rubella immunization policy there [5] . Therefore, prevention of CRS becomes the major objective of rubella vaccination program. In Bangladesh, like other developing countries, there is no accepted national policy for rubella immunization or screening of women non immune for RUBV in their reproductive years [6] . This work aimed to assess the degree of risk associated in acquiring rubella virus infection by the women during pregnancy and developing CRS among their children in Bangladesh.
Materials and Methods

Study Population
The study population (n = 275) included pregnant mothers (15-38 years) from various socioeconomic backgrounds attending a women health care based hospital in Dhaka for antenatal check up from September 2006 to October 2007.
Questionnaire
All subjects were personally interviewed and a standardized questionnaire was filled up for each of them to obtain relevant demographic, anthropometric, socioeconomic, clinical and health related information. Each participant was provided with an identification (ID) number which was subsequently used for the serodiagnosis, data entry and analysis.
Sample Collection and Serum Separation
From each participant approximately 2-3 ml blood was collected. Serum was separated from blood sample using standard method.
ELISA
Commercially available ELISA kit (NOVATECH, Immundiagnostica GMSH; product number RUBM0400 and RUBG0400; Dietzenbach, Germany) was used for the qualitative and quantitative determination of anti rubella IgM and IgG antibodies in human serum, respectively. Detection of these two classes of antibodies was carried out and result was interpreted according to the protocols provided with the kits.
Data Analysis
The data was analyzed using SPSS (statistical package for social services) version 11.5. The data was loaded numerically. Frequency was analyzed and cross sectional study was undertaken to determine the seroprevalence of antiRUBV IgG and IgM antibodies among the study population. Chi-square tests were used to compare the differences among the groups. P-value of \0.05 (2-tailed) was considered to comprehend significant relationship between the two selected variables.
Result and Discussion
A large extent of population may get infected by RUBV before puberty; still around 20% of adults remain susceptible [7] . The global prevalence of anti rubella antibodies was reported as 98.1% previously. The prevalence of rubella antibodies was higher in women than men (98.8 vs 92.2%, respectively) [8] . Among the studied antenatal population (n = 275; 15-38 years), 209 women contained detectable level of antiRUBV IgG antibodies (Table 1) , but did not possess IgM antibodies against rubella when their serum samples were examined by commercial ELISA kit. The absence of rubella virus-specific IgG and IgM antibodies signifies susceptibility to infection whereas the presence of RUBV specific IgG but not IgM antibodies signifies past infection [2] . Accordingly, 76% women of this study population might have been infected by or vaccinated against RUBV in past ( Table 2 ) and most of them could have developed protective immunity against reinfection [9] .
Seventeen percent of the examined population conceived while they were teen aged which indicates the still present custom of too early marriage for girls in Bangladeshi society. The pattern of seropositivity of RUBV infection change with the increasing age during the reproductive years of the women population is shown in Table 1 . Production of anti rubella IgG antibody increased with the age up to 35 years (90%) and then there was a sudden decrease to 38% observed in the age group of [36 years. The P value was 0.018 which indicated a strong correlation between the acquisition of rubella virus infection and subsequent development of antiRUBV Ig G antibody with the age of the pregnant population. Previous surveys [10, 6] have demonstrated a similar pattern of seroprevalence of RUBV infection among the women population. Seth et al. [11] reported a gradually increasing seropositivity with an increase in age, reaching a maximum value (88%) for the age group of 25-34 years. Furthermore, Table 1 demonstrates that 20% of the women of child bearing age in Bangladesh are not yet exposed to RUBV and are at risk of acquiring this virus during pregnancy and subsequently transmitting the virus to the fetus. Figure 1 demonstrates the anti rubella IgG antibody titer determined among the pregnant women. Twenty percent of the pregnant women had a negative antibody titer (\10 IU/ ml). Four percent of the pregnant women contained a doubtful antibody titer (10-15 IU/ml) which were considered as equivocal according to the guideline provided with the commercial ELISA kit and excluded from the further analysis. The remainder of the women (76%) possessed anti rubella Ig G antibody ([15 IU/ml) titer at various levels and all of these were marked as of positive category. Our data shows similarity with the study conducted in Thailand in 2004 where 75% of the studied pregnant women (n = 150; 15-40 yrs) were antirubella IgG positive [12] . From December 2000 to 31 December 2002 an surveillance for CRS was conducted among children aged 0-17 months at 13 hospitals and 2 private clinics in Myanmar. Blood samples from children with suspected CRS (n = 81) were tested for rubella-specific IgM; selected samples were tested for rubella-specific IgG and for rubella RNA by reverse transcriptase-polymerase chain reaction (RT-PCR). Of these, 18 children had laboratoryconfirmed CRS (7 were IgM positive; 7 were RT-PCR positive; and 10 were IgG positive at [6 months of age) [13] . Among this studied population, 52% of women belonged to the later stage of pregnancy (Table 3) , whereas 103 women were with gestational periods of 13-24 weeks. Timing of the fetal infection by RUBV determines the extent of teratogenic effect; the earlier in pregnancy infection occurs, the greater the damage to the fetus done. Maternal infection during the first trimester of pregnancy is most critical for the risk of the fetus in developing CRS. Inapparent maternal infections are equally potent to produce anomalies as well [9] . Ten percent of the participants in this research belonged to the early gestational period group that is duration of their pregnancy was within 12 weeks of time. Sixty-eight percent (Table 3 ) among this category were exposed naturally to or vaccinated against RUBV in past as they contained detectable level of serum antiRUBV IgG. However, 25% of these women with first trimester of pregnancy were unexposed to RUBV and hence at great risk of acquiring RUBV any time and transmitting this virus to their fetus. Birth defects are uncommon if maternal infection occurs after the 18th week of pregnancy [4] .
Only 9% participants were vaccinated previously against rubella virus among the whole antenatal population studied. Ninety-two percent of these vaccinated pregnant women contained serum anti-rubella IgG antibody which was significantly (P = 0.05) higher than that of the nonvaccinated study population (75%). Although the vaccination did not produce protective anti-rubella IgG antibody for all the immunized women in this research, it was found protective for majority of the cases. Furthermore, the all four serum anti-rubella IgM antibody positive cases (Table 4) found in this work were from nonvaccinated group which clearly shows the potential risk of RUBV acquisition by the pregnant mother if they are left unvaccinated. This observation states the significance of probable inclusion of anti-rubella virus vaccination programme in Bangladesh. However, a large number of nonvaccinated women (75%) also produced protective anti-rubella IgG antibody by getting naturally exposed to RUBV from the surrounding infected persons.
Socioeconomic status of the participants was categorized on the basis of their reported monthly family income. Women from the families with income of below Tk. 5000 per month was graded as poor, whereas Tk. 5,000-12,000 income holders belonged to lower middle class, and Tk. 12,000-20,000 income holders to upper middle class, and above Tk. 20,000 to rich. Most (79%) of the studied women came from lower middle class (Table 5 ) and least (9%) from upper middle class category.
Pregnant women from lower middle and poor socioeconomic class had significantly (P = 0.05) more intra uterine growth retardation of fetus than the upper middle class (Table 5 ). This observation can be explained by the probable lack in adequate nutrient uptake by and deficit in proper antenatal care taken for the women in these two (poor and LMC) categories. Besides, child bearing women belonging to low socioeconomic group in developing countries may be exposed to a variety of infections due to the poor environment and hygiene status they live in. Maternal infections could be considered as significant factors in the causation of poor pregnancy outcome as well [14] . Intra uterine growth retardation of fetus may affect the future physical and mental development of the children in various degrees. This study clearly recommends that steps should be taken to upgrade the nutritional uptake and antenatal care of the child bearing women among poor and lower middle class for achieving physically and mentally healthy new generation. Table 1 demonstrates that 20% of the women of reproductive age in Bangladesh are not yet exposed to RUBV and are at risk of acquiring this virus during pregnancy and subsequently transmitting the virus to the fetus. Among these 20% susceptible population, four pregnant women (Table 4) have been shown to contain serum antiRUBV IgM antibodies. The presence of RUBV specific IgM antibodies with or without virus specific IgG antibodies identifies the infection as current or very recent [9] . Yasodhara et al. [14] investigated antenatal population (n = 422) in India and had reported prevalence rate of serum IgM specific for RUBV as 65 in 1000 during pregnancy. Our work demonstrates lower attack rate (14.5 in 1000) by rubella among antenatal population in Bangladesh than India [14] and agrees with some other documents where the overall rubella attack rate has been reported as 1 in 1,000, rising to 22 in 1,000 during pregnancies [6] .
The four IgM positive pregnant mothers identified in this work were 21, 22, 26 and 30 years of age, respectively. The gestational age for the three women among this RUBV specific IgM antibody positive category (Table 4) was within 12 weeks. Therefore, fetuses of these three pregnant women were at high risk of acquiring rubella infection and developing congenital rubella syndrome afterwards [15] .
Among these four IgM positive pregnant women, morbilliform rash on three and fever with moderate temperature for one were noted when examined. Postnatal rubella frequently commences with malaise, low grade fever, and a morbilliform rash appearing on the same day [2] . The rash starts on the face, extends over the trunk and extremities, and seldom continues for more than 3 days. Two women among these four cases had reported arthralgia only whereas one woman was suffering from both fever and arthralgia. Unless an epidemic occurs, the rubella disease to diagnose clinically is unreliable; as the rash and the additional relevant symptoms here are caused by other viruses could be similar. However, the clinical features (Table 4) presented by these women are undoubtedly associated with their very recent or current rubella infection since they have been clearly found as serum anti rubella IgM antibody positive. One limitation of this study was the consideration of the clinical picture based on just one contact between the participants and the evidence collector, as new signs and symptoms developing later were not available.
Only 57% of the countries around the world currently practice rubella vaccination programs, and it is estimated that more than 100,000 cases of CRS occur each year in developing countries [16] . A proper and reliable vaccination policy against rubella virus is not yet adopted at the national level in many developing countries including Bangladesh. This is probably due to non-focusing on rubella related problems or numerous other health related issues keeping this important morbidity related issue out of sight [6] . Current research identifies rubella as an endemic condition in Bangladesh like many other countries. This work also notifies the requirement of detailed study for the identification of intrauterine rubella infection and its related influence on perinatal morbidity and mortality. Thorough epidemiological studies are also considered necessary prior to the development and acceptance of national immunization program against rubella virus in Bangladesh. Although these strategies may lead to high expenditure, the benefits of interrupting the widespread circulation of rubella virus and preventing the incidence of CRS should pay off. 
